Researchers at INL are
defining natural adhesive
systems at the molecular

scale and are exploring ways
to recombine proteins to
improve adhesives. Such
new adhesives may more
strongly bond to a wide range
of materials and do so in an
environmentally friendly and
safe manner.

.

Idaho National
Laboratory

arine mussels, like
Mpytilus edulis,
attach to a variety

of surfaces in an aqueous
environment using a natural
adhesive that is incredibly
strong and durable. The prop-
erties of this adhesive exceed
those of conventional adhe-
sive glues in both strength and
environmental acceptability.
Research shows that one of
the proteins in the adhesive,
Mpytilus edulis foot protein

1 (Mefp-1), bonds to glass,
plastic, wood, concrete, and
Teflon. Mimicking this bond-
ing capability would yield im-
portant, innovative adhesives
for such different applications
as building and construction,
dentistry, surgery, orthopae-
dics, ophthalmology, elec-
tronics, plastics, and wood
composites.

A research objective is to de-
velop a biomimetic glue that is
environmentally safer, stron-
ger, and less expensive than
currently available adhesives.

At least nine different, unique
proteins are involved in the
formation of the byssus (the
adhesive structure formed by
the mussel). However, the
precise mechanism for assem-
bling the nine proteins is not
understood. Additional pro-
teins that have not been iden-
tified may also be involved in
the formation of the byssus.
The byssus components have
conventionally been identified
by isolating the individual
proteins and analyzing their
amino acid compositions. The
resulting repetitive motifs and
modified amino acids present
in mussel adhesive proteins
are unique to biological
systems. Proposed mecha-
nisms for the strength and
waterproof properties of the
byssus are directly related to
the amino acids. Commercial
natural adhesive products
have consisted of chemically
isolated Mefp-1 or Mefp-1
mixed with Mefp-2 from
byssus structures. Recom-

binant products consisting

of either the partial amino
acid sequence of Mefp-1 or
repeats of the unique deca-
peptide motif have also been
marketed in the past. How-
ever, no commercial product
incorporates any of the other
proteins known to be involved
in underwater adhesion by the
Mytilus edulis mussel.

Research focus and

progress

A challenge to further under-
standing this unique adhesive
system is the unavailability
of individual protein compo-
nents. About 10,000 mussels
are needed to produce 1 gram
of adhesive from byssal struc-
tures of the animals. Thus,
collecting experimental mate-
rial from these animals is not
practical. Therefore, we have
cloned genes into microorgan-
isms for mass production of
this natural adhesive material.
We have initiated small- and
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large- scale recombinant pro-
tein expression of some Myti-
lus edulis adhesive proteins.
In the long range, we want

to understand the underwater
adhesion mechanisms of the
mussel by identifying and
producing substantial quanti-
ties of the individual protein
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components. Figure 1. Anatomy of M. edulis Figure 2. Location of adhesive-
mussel and byssus structures. related proteins identified in the
byssus of M. edulis.
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Other

GenBank submissions to the National Center for Biotechnology Information

Accession: AY 845258 Mytilus edulis clone for foot protein 1 (Mefp-1) mRNA, complete cds.
Accession: AY 845259 Mytilus edulis clone for foot protein 1 (Mefp-1) mRNA, partial cds.

Accession: AY 845260 Mytilus edulis clone for foot protein 2 (Mefp-2) mRNA, complete cds.
Accession: AY845261 Mytilus edulis clone for foot protein 2 (Mefp-2) mRNA, complete cds.
Accession: AY 845262 Mytilus edulis clone for foot protein 2 (Mefp-2) mRNA, complete cds.
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